Background: Our aim is to explore the trend of association between the survival rates of colorectal cancer (CRC) and the different clinical characteristics in patients registered from 1960s to 2000s. We hypothesized that the survival rate of CRC increases over time and varies according to anatomic subsites.
Introduction
Cancers of the colon and rectum are the most common type of cancers and important contributors to cancer-related deaths in the Western world [1] . In 2008 389,700 males and 337,700 females in developed countries and 274,000 males and 232,400 females in developing countries were diagnosed with colorectal cancer (CRC), which is the third most commonly occurring cancer in males and the second most commonly occurring in females [2] .
CRC is also one of the common malignant tumors occurring in China, with the CRC incidence and mortality rates ranking the second and the third, respectively, for females, and the third and the fourth, respectively, for males in China [3] . Over 172,000 new CRC cases and 99,000 deaths have been estimated to have occurred in 2005. CRC incidence was 15/10 5 and 9.7/10 5 for males and females, respectively, and CRC mortality was 8.6/10 5 and 5.4/10 5 for males and females, respectively [4] . CRC incidence and mortality have increased by 36.7% and 70.7%, respectively, from 1991 to 2005 in China [5] . The incidence rank is the same worldwide; however, CRC mortality has declined in the developed countries because the incidence has not increased and also because the survival has improved [2] . Moore et al. reported data on cancer incidences in five continents in 1982 and 2002, which showed that China, including Shanghai, and Hong Kong, have higher rates for rectal cancer compared to that in the US [6] . Takada et al. analyzed the time trend of CRC in Japan between 1974 and 1994 according to the site of the tumor within the colon or the rectum, and found that the percentage of occurrence of rightsided colon cancer in colon cancer cases was stable in men, but showed an increasing trend in women. Li et al. analyzed the Chinese data between 1980 to 1999 and found that a proximal shift due to the increasing proportion of ascending and transverse colon occurred in CRC patients [7] .
We undertook this study on patients with CRC at stage T (1) (2) (3) (4) )N (1-2 )M 0 to examine the trend in survival rates of colon and rectum cancer in relation to the different clinical characteristics. It was hypothesized that the survival rate of CRC increases over time and varies according to anatomic subsites (the colon and rectum).
Methods

Study patients
The hospital based Chinese CRC database was created by the Colorectal Cancer Registry Center in Southern China, Sun Yat-sen University Cancer Center. The study was performed following approval by the ethic committee of Sun Yat-sen University Cancer Center. We were informed that it is not necessary to get signatures of patients' on the informed consent form, since according to the current Chinese medical regulations, the process of the whole study is non-invasive and without any effect on the patients' benefit. The database comprises the in-patients' clinicopathological information and follow-up information, which included information of over 8000 CRC patients registered from the 1960s to 2011. In this study, we used 4558 CRC cases from the database. Patients with stage T (1) (2) (3) (4) )N (1-2 )M 0 tumors (as defined by the International Union Against Cancer, tumor-node-metastasis, TNM staging criteria, version 6, 2002) [8] who had undergone curative surgical resection were included in this study. Cases with known hereditary non-polyposis CRC, familial adenomatous polyposis, and previous history of malignancy were excluded. The information was further categorized into colon cancer (ascending colon cancer, transverse colon cancer, descending colon cancer, sigmoid colon cancer) and rectum cancer.
Follow-up
The patients were followed up every 3 months for the first 2 years and then every 6 months for the next 3 years and finally annually. The median duration of follow-up for the entire population was 61 months (range: 1-660 months).
Statistical analysis
We analyzed the trends in age, gender, tumor locations, time, survival, and so on. We investigated the association of CRC survival with age, gender, tumor locations, time, histopathology types, pathology grades, the no. of examined lymph nodes, the T stage, and the N stage. Overall survival (OS) and 5-year survival were the end-points of this study. The Kaplan-Meier estimate and log-rank tests were used to describe and compare OS based on lifetime data. The assessment of the influence of prognostic factors on patient survival was performed using Cox's proportional hazard regression models. P ≤ 0.05 indicated statistically significant differences.
Results
From 1960 to 2008, 4558 CRC patients had been registered in the database, of which 2625 (57.6%) and 1933 (42.4%) were males and females, respectively. The age ranged from 7 to 95 years old, with the median age being 56 years old. A total of 1445 (31.7%), 1227 (26.9%), 1149 (25.2%), 654 (14.4%), and 80 (1.8%) patients belonged to the age groups of less than 50 years old, 50-59 years old, 60-69 years old, 70-79 years old, and older than 80 years old groups, respectively. The CRC cases included 1896 (41.6%) colon cancers cases and 2662 (58.4%) rectum cancers cases.
Characteristic trends of the study population diagnosed from the 1960s to 2008
The characteristics of the study patients in each decade are shown in Table 1 . The proportion of patients diagnosed before the age of 50 years dropped from 1960 to 2008 (54.1% to 27.3%). The proportion of patients diagnosed over the age 60 years increased over time. The proportion of gender did not change significantly over time. The proportion of patients with sigmoid colon cancer showed a significant increase in the 2000s (20.7%) compared with that in the other decades (13.8%) (p = 0.001). The rectum cancer significantly decreased in the 2000s (54.4%) corresponding to that in the other decades (63.6%) (p = 0.001).
For the patients diagnosed using TNM, who have been compared for the proportion of the diagnosis with the T stage and the N stage, we found that early diagnosis with the T1 stage and the T4 stage increased significantly in the 2000s, and that with the T2 stage and the T3 stage decreased significantly in 2000s. The early diagnosis with the N1 and N2 stage also increased significantly in the 2000s.
The 5-year survival rates were 49%, 58%, 58%, 70%, and 77% for the time duration of 1960s, 1970s, 1980s, 1990s and 2000s, respectively, which showed that the 5-year survival rates increased after 2000. Figure 1 shows that the 5-year survival rate increased in both the patients with colon cancer and rectum cancer, but was significantly higher in the colon cancer patients (p = 0.007).
Characteristics trend of the study population diagnosed with tumor in different locations
The characteristics of the study patients diagnosed with tumors in different locations are shown in Table 2 . The proportion of age over 60 years old (including group 60-69, 70-79, and >80 years old) significantly increased in sigmoid colon cancer patients (30.3%, 16.5% and 2.4%, respectively) than in rectum cancer patients (24.6%, 13.8% and 1.5%, respectively) (49.2% vs. 39.9%, p = 0.001). The proportion of age younger than 59 years old decreased in descending and sigmoid colon cancer patients. The proportion of the T1 and T2 stage increased in the sigmoid colon cancer and rectum cancer patients, and that of the T3 stage and T4 stage increased in the ascending and transverse colon cancer patients, respectively. However, the T4 stage decreased in the sigmoid colon cancer and rectum cancer patients. We have also compared the 5-year survival rates between each tumor location. Table 2 showed that the 5-year survival rate increased in the ascending, descending, sigmoid colon cancer and rectum cancer patients, however, not in the transverse colon cancer patients from the 1960s to 2000s. The 5-year survival rate was compared between tumors at the colon site and the rectum site (p=0.007). According to the above results, the tumor location is a risk factor for OS. We have conducted another multivariate Cox regression analysis which is based on the different tumor locations. The results of the multivariate Cox regression analysis are shown in Table 4 . In the ascending colon cancer, the results showed that only the N stage (N1, HR = 2.93, 95% CI 1.728-4.969, p = 0.0001; N2, HR = 2.264, 95% CI 1.124-4.56, p = 0.022) was an independent risk factor for OS. In the transverse colon cancer, the gender (males, HR = 4.473, 95% CI 1.244-14.077, p = 0.022) and the pathology grade (Grade III, HR = 13.18, 95% CI 1.474-117.9, p = 0.021) were the independent risk factors for OS. In the descending colon cancer, only the pathology grade (p = 0.012) was an independent risk factor for OS. The age (>80 years, HR = 2.85, 
Discussion
In our study, the patients have dramatically increased from the 1960s to 2000s in the Sun Yat-sen University cancer center. From Table 1 , we found that patients with stage I-II (N = 0) cancers decreased dramatically, at the same time, the state III CRC patients increased obviously from 1960s to 2000s. It is known that some of the developed and westernized Asian countries have already experienced a rapidly rising trend in CRC. In Japan, the incidence has also increased since the 1960s, and similar patterns have been reported in Hong Kong, Taiwan [9] and Singapore [2, 10, 11] . It is very difficult to obtain epidemiologic data for China. A study in urban Shanghai [12] reported that colonic and rectal cancers together rank as the third commonest malignant disorder in the city. The rising incidence of CRC in Henan province has also been recognized [13] . The reason is not only the environmental and lifestyle changes in China, but also the increased diagnostic levels and standardization of cancer treatment (pharmacological interventions and surgical therapies).
Our data showed a trend of rightward shift of tumor location in CRC patients after 2000. Table 1 shows that only the proportion of sigmoid colon cancer significantly increased in 2000 (20.7%) compared with the other decades (13.8%, p = 0.001), and the rectum cancer significantly decreased in 2000s (54.4%) corresponding to that in the other decades (63.6%, p = 0.001). No significant change was observed for proximal cancers in patients over time. Data also showed that patients older than 60 years were more likely to develop colonic cancer than rectum cancer. This result is similar to that observed in Japanese patients. Takada et al. also showed that the percentage of patients over the age of 70 years showed an increased rightward shift in the tumor location [14] . In the last part of the results, we conducted the Cox regression analysis for the patients with different tumor locations. It showed that only the rectum cancer was related to difference in time duration. In a retrospective cohort study, 690 U.S.A. patients and 870 Chinese patients were compared, which showed that proximal cancers were more common in the US than in the Chinese patients [15] . According to the Japanese Society and the Seoul Cancer Registry, increased proportion of proximal colon cancers are observed in Japanese in both sexes at all ages [14] and in Korean women older than 60 years [16] . The data from Hong Kong also showed that 5.1% of the asymptomatic population had advanced neoplastic lesions in the proximal colon [17] . However, the distribution shift of CRC has not been found in preliminary data from the Singapore Cancer Registry, which analyzed the data between 1968 and 1992 [18] . It is very difficult to explain the reason for the proximal shift of CRC. Although the reason for the tumor site shift is still unclear, many experts have suggested that the higher incidence of colon cancer might be dietary habits changes, etiological changes, and the economic growth, followed by wider availability of colonoscopy and ageing populations in many Asian countries [19] [20] [21] [22] [23] .
In conclusion, based on the results from our study, over the 50-year period, the 5-year survival of CRC patients (49%, 58%, 58%, 70%, and 77%, from the 1960s to 2000s, respectively) has improved between the 1960s and 2000s. It might be due to the advances in surgical techniques, chemotherapy, target treatment, life style, and physical activity [24] [25] [26] [27] [28] [29] . The 5-year survival was 77%, 79%, 79%, and 78% for ascending, transverse, descending, and sigmoid, respectively. However, for rectum cancer, 5-year survival was 67%. Among the overall data, a better 5-year survival was statistically significantly associated with tumor location in the colon than in the rectum (p = 0.007). However, in our study, we did not find significantly better 5-year survival of sigmoid than the other location of colon, similar to the results of O'connell [30, 31] .
There is still a lack of thorough epidemiology data in China. As we know that cancer screening is highly important to decrease the morbidity and mortality of CRC [32] [33] [34] . In recent years, the Chinese government has attached great importance to cancer screening. The hospital-based registries of CRC have already been established by the Ministry of Public Health. Health education on cancer prevention, establishment of a good lifestyle and behavior, appropriate and balanced diet, active treatment of pre-carcinogenic lesion, and periodic routine follow-ups are very important terms for people to know and to follow from now on. The method of screening not only includes fecal occult blood test (FOBT) [35, 36] , but a fecal immunochemical test (FIT) has also been demonstrated to have higher sensitivity [37] [38] [39] . Further improvement is expected by testing for molecules in stool or blood that are more directly related to the cancer process.
